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Field of the Invention 

The present inventian concerns improvements in and relating to 
5 electroluminescent (EL) devices such as Organic Light Emitting Diodes (QLEDsJ. 

Background of the Invention 

OLEDs are optoelectronic devices treing developed tor use In flat panel displays 
as alternatives to existing technologies such as the cathode ray tube and liquid crystal 
displays. OLEps have the potential to offer numerous advantages including being 
10 lightweight and non-bulky, low powered, wide viewing angled, applicable to large display 
areas and cheaper to manufacture. 

An OLED device comprises an organic electroluminescent (EL) layer located 
between two electrodes. At least one of the electrodes Is transparent to allow transmission 
of light from the EL layer. In operation, when a voltage Is appHed across the device via 
15 the electrodes, holes are injected Into one side of the EL layer from one electrode (the 
anode) and electrons are Injected into the other side from the other electee (the 
cathode). The holes and electrons move through the EL layer in opposite directions under 
the applied voltage until they meet and recombine to form an excited state which • 
subsequently decays with the emission of light, 

Holes should effectively transfer from the anode into the highest occupied 
molecular orbital (HOMO) energy level of the EL layer. Similarly, electrons should 
effectively transfer from the cathode into the lowest unoccupied molecular orbital (LUMO) 
energy level of the EL layer. Unfortunately, the woricfunctlon of the anode often differs 
from the HQMO level of tha EL layer. The same problem also exists between the cathode 
and the LUMO level of the EL layer. In practice, since the relevant electronic energy levels 
of the anode and cathode are often not ideally matched to the HOMO and LUMO 
respectively of the organic EL material, It is usual to modify the basic OLED structure to 
jmprove energy (eve! matching and thus Improve hole and/or electron injection efficiency 
A extensively employed method is to use between the EL layer and the anode andter 
cathode respectively an additional organic layer. These additional layers are commonly 
referred to as a hole Section layer (HIL) and an electron injection layer (EfL). The HfL 
and/or EIL improve matching of the energy levels, thus improving efficiency of the device, 
in addition, the HlL and EIL may serve other purposes such as electron blocking and hole 
blocking respectively (La. the HIL or EIL are each one type /one direction center transport 
35 materials). It has become typical to employ as HIL on the anode a layer of a conducting 
organic material, such as poiyaniline (PAni) or polyethylenedtoxythiophene (PE0OT). 

It Is not uncommon to find devices employing one or more further organic layers 
between the HIL and/or EIL respectively and the EL layer to achieve even further 
enhanced matching of energy fevels and thus still higher operating efficiency. The further 
40 organic layers between the HIL or EIL and the EL layer are termed hole transport layers 
(HTLs) and electron transport layers (ETLs) respectively to differentiate them from th«& HIL 
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orCIL whiqh directly contact the anode or cathode respectively. Such terminology is used 
herein. A prior art device structure is shown schematically in Figure 1. 

Desptte the above developments In EL devices which had occurred over recent 
years, in many aspects there still remains a need for improvement The pneserrt Invention 
is concerned with improvements relating to organic layers in EL devices particularly, but 
not exclusively, in HILs and HTLs, as well as fn EILs and ETLs. 

In connection with HILs/HTLs and EILs/ETLs, examples of areas where 
performance could be Improved include efficiency and drive voltage, transparency, 
coatabtllty, chemical stability and lifetime. Moreover, present device structures consisting 
of multiple layers for charge carrier injection/transport make manufacture cdmplex and 
costly. It would toe desirable to achieve similar or improved performance using a single 
layer in place of the present multiple layers. In addition* in a colour display, EL layers of 
different colours have different HOMQ/LUMQ levels making it difficult to use the same 
charge injection/transport layers for pixels of each colour without loss of performance.- 

Objects of the invention include reducing or overcoming one or mors of the above 

» 

problems of the prior art Further objects of the invention will be apparerit from the 
following description, 

Statement of the invention 

According to the present invention there is provided an eledjoluminesctent device 
having an a;node, a cathode and one or more organic layers between saTd anode and said 
cathode, at feast one of said organic layers comprising an organic efectrolurtinescent 
material, wherein at least one of said organic layers comprises a composition having at 
least two HOMO energy levels and/or at least two LUMO energy levels. 

In use, when a voltage is applied between the anode and the cathode; holes are 
injected into the layer adjacent the anode and electrons are Injected into Ihe layer 
adjacent the cathode, whereby light is emitted! from the at least one layer comprising the 
electroluminescent material, 

Advantageously, the use of the composition according to the invention reduces the 
number of change injection/transport layers required whilst providing good performance as 
will' be described in more detalf below. 

Detailed Description of the Invention 

4 

The EL device Is preferably an OLED. At least one of the anode or cathode is 
transparent 

The device may comprise only one organic layer in which case the organic layer 
comprising the composition of the invention: Is the same layer as the layer oornptising the 
EL material. Typically, the device comprises two or more organic layers, whereto the 
organic layer comprising the composition of the Invention Is different to the layer 
comprising the EL material. The at least one organic layer comprising the $omp<teition has 
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layer (HTL), U . Mpwto from the EL layer and located between the EL ^ranJZ 
anode. Alternatively or additfonaiiv =* i * y ■ th * 

Gflmr^fB^ / aaa,t,onal| y- ^ 'east one oiganfc layer comprising the 
composition may form gn electron injection layer <EIL* and/hr pfJL„ * * 

^x™^ lumos ^ a 1,0,6 ™- ^ — 

II™^ ^ , . aTOlher St!|a<:ent tayer ' ln ° ne embodiment; pnaWabK, the 

fl na/ n , ^ ferat '^ ,he 9n8W < * l,erenee befK9Bn at least two HOMO ensfev fewto 

~^rc^ ^ lumg OTe - ** h - « * « 

m «terf«»» matenais and/or the energies of the LuMOs of the 
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Preferably, the at least two charge transport materials comprise at 'feasf onP 

described The composition may contain two or more different polymen^ materfa s 

ZZEZZ " ~ * -fence iiSiST 

of drfferent colours as described in more deiail below. ; 

/J fe, !r bly ' 31 ,6aSt tWO Change ^Port mate ^ «• organic material and 
mone prefab y ana organic semiconductors. The materials may be ^ffiSS 
carrier materials, harain termed >type" materials. In this case, «. fayar^Sno^ 
compos^ may be a hole injection ,ayer <HIL> or hoie Report C wTiSC 

mato^s In ftfecase, ^ layer comprising the composition may be an electron InJefcL 
layer (E1L) or electron transport layer (ETL). injection 

A _ Prefe ^ b| y. the polymeric material of the composition is an organic' materfal 

*TZ " T f&my ' P ~ materia ' fe * ^conductor. PreSy ™ 
polymeric matena. of the composition Is an organic material. Additionally pSsSL Z 
nor>poiymeric material is a semiconductor. ™««onaiiy preferably, the 
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The polymeric material may be a "p-type" material. The non-polymeric material 
may likewise be a p-lype material. In this case, tha layer comprising the composition may 
be a hole injection layer (HI L) or hole trans port layer (HTL). 

5 The polymeric material may be a "n-type" material. The non-polymeric material 

may likewise be a n-type material. In thts case, the layer comprising the comp^ition may 
be an electron injection layer (EIL) or electron transport layer (ETL). > 

In known devices, the HOMO energy level (which can be measuited by the 
ionisatlon potential (Lp.)) of the EL layer Is more often than not at a different energy than 
10 the work function (w.f.) of 1he anode (usually the HOMO of the EL layer is higher, e.g. 5.5 
eV compared to a WF of 4.8- 5.0 eV for an Indium tin oxide (ITO) anode) asJshown in 
Figure 2A. Similarly, the LUMO energy level of the EL layer is often at a- diffeijsnt energy 
than the WF pf the cathode. Consequently, there is a difficulty due to this enerajy! barrier in 
trying- to inject holes (electrons) into the EL layer from the anode (cathode): For this 
1 5 reason, in the prior art, one or more intermediate layers, e.g. HIL, HTL, (EIL, ETTIL) having 
intermediate HOMO (LUMO) levels are typicajly employed between the .anode fcathode) 
and the EL layer In an attempt to bridge the energy gap and jmprove hole! ^electron) 
injection efficiency. In order to achieve the best injection efficiencies, two or mpre flyers, 
e.g. botti HIL and HTL {EIL and ETL) are employed as shown In Figure 2B. However, the 
more layers present, the more complex and costly the device becomes. Ttii present 
invention reduces this problem as now described. 

For the avoidance of doubt, whilst the Invention may be illustrated: in many 
instances herein by reference to use of HOMO levels and use as a HIL or HTL it should 
be understood that tha Invention also applies to use of LUMO levels and wse as an EIL or 
25 ETL mutatis mutandis. 

The composition seconding to one embodiment of ihe Invention has -a plurarttyof 
HOMO enengy levels, for example as shown In Figure 3. This is achieved:, tor example, by 
having at least two charge transport materials in the composition each having a well 
defined HOMO energy level. Preferably, one of the composition's HOMO ilevels is 
matched close in energy to (more preferably within +/-0.2 eV of) an energy level of one 
adjacent layer and another of the HOMO levels is matched close in enemy ito fhiore 
preferably within +A0.2 eV of) an energy level of another adjacent layer, e.g. on the 
opposite side of the layer comprising the composition to the first adjacent layer. ' For 
example, one HOMO level Is matehed close to, preferably within +/-0J2 eV of, line w.f. of 
35 the anode positioned on one side of the layer comprising the composition and another 
HOMO level fe matched dose to, preferably within +/-0.2 eVof, the HOMO of thplEL fayer 
positioned on the other side of *he layer comprising, the composition as shown inFigure 3. 

Thus, a single layer (HIL) comprising the composition may replace the function of 
two or more layers (HIL, HTL etc.) of the prior art, thereby making manufacture simpler. 
40 The invention can Improve the matching of both the anode w.f, en d the HOMO'df the EL 
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layer using a single layer. The -Invention makes it possible to match cornri^>niy used 
anodes (and cathodes) with a wider variety of EL layers it becomes easier to bridge the 
energy difference to the HOMO (or LUMO) of tha EL layer. Improved energy matching to 
pixels of different colours (i,e. having EL layers of different colours, e.g. red* g'reeil, blue) 
& can also be achieved by the invention using the same hole (or electron) inj-efction layer. 
This can be achieved for example by using more than two charge transport materials in 
the composition enabling the use of the same injection layer for all colours efficiently; This 
could not easily be achieved previously with the same injection layer. The abjlity of the 
injection layer of the invention to supply charge carriers Into an EL layer is enhanced 
10 leading to improved efficiency and reduced drive voltage. 

In a preferred embodiment, the polymeric material has a HOMO lev# matched 
close* in energy to # preferably within +/-0,2 ©V of, the w.f- of the anode and. the non- 
polymeric material has a HOMO level matched dose in energy to, preferably Withfn W-0.2 
eV of, the HOMO level of the EL layer. Alternatively, in another embodiment the non- 
15 polymeric material has a HOMO level matched close to the w.f. of the anode and the 
polymeric material has a HOMO level matched close to the El- layer. 

The HOMO energy levels of the materials, e.g. the polymeric material 1 and th£ non- 
polymeric material, are preferably arranged such that the energy differende betaken' them 
permits facile hole transfer from one material to the other within the compositiph thereby 
20 to allow hole transport across the layer comprising the composition as a whole. . 

Typically, each HOMO level has an energy distribution. The energy distribution of 
each Individual HOMO level fs typfcally +/- O.T eV. The energy distribution can be 
maximised by factors such as increased polydlsperslty of the polymeric material; This 
energy distribution also improves energy matching both between the. composition and 
25 adjacent layers and between the materials within the composition. 

In many preferred embodiments ihe energies of at least one, preferably two, of the 
HOMO levels of the composition lies In the range from about 4.B to about 5.7 eV. 

As mentioned, the above features of the invention may be applied analogously to 
the role of electron injection layers (EIL) by making use of muilltlple LUMO tevels. For . 
30 example, in one embodiment, for an efficient EIL. one of the materials in the composition 
should have a LUMO level within +/-0.2 eV of tfie workfunction of the cathode and at least 

* • i » ■ 

one other of tho materials should have a LUMO level within +/-0.2 eV of the UM0 ofithe 
EL layer, 

ThB at least one polymeric material and the at least one non-polymeric material 
35 may be mixed in a ratio from 10:90 to 90:10 % by weight A mixing ratio of 4Q;£0 - .60:40 
% by weight is preferred, e,g, about 50/50 % by wt. 

The number of repeat units which may be present per molecule ip the ipolynnerio 
material (and which can also be denoted by the jnteger 'n' herein) may be itforn 3 to 
20,000, preferably 3 to 10,000, more preferably 4 to-* 000, still more preferably 5 tp 500 
40 and most preferably 6 to 100. 
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nm^^^T enC " iaterN ° f 016 lnVenlfon fe preferab,y P°WN*w kV order to 
prov.de a better energy distribution for the HOMO level (or LUlWO level), kV order to 

mprove further the matching to the, e.g., anode or EL layer or other layerfs), as well as to 

c h < I^' SriC matertal W " hin 11,8 drably the polydlspsreity is from 

5 1 .1 to 5. More preferabry, the pofydlspersily Is from 1 . 1 to 3. : 

The polymeric material and/or the non-polymeric material, preferably at feast the 
polymeric material, Is preferably substituted by at least one optionally substilbted .long 
chain, frnear, branched or cyclic caroyhterived group, f.e. Ce or longer, preferably an 
optionally substituted Jong chain, linear, branched or cyclic hydrocarbykferivea group 
10 most preferably afeyl or alkoxy. It has been found that with such substitution ft Is possible' 
to readily form thick Rims, especially when solution coated, which, moreover are stable 
and have a long lifetime. 

The polymeric material may comprise a homopolymer or a copolymer. Ifte form 
polymeric used herein includes pligomeric. 

can be used in this invention include compounds and 
derivatives, all preferably soluble, of the following list : ; 

conjugated organic (Including hydrocarbon) polymers such as poiyarylamfcie (e.g. 
polytriarylamine), pojyacene, polyphenylena, po!y(phenylene vfnylene), polyffcrorene 
including oligomers of those conjugated hydrocarbon polymers; oligorneHb p : ara 
substituted phenylenes such as p-quaferphenyl . (p-4P), p-quinquephenyl ^5P).; p- 
sexiphenyl (p-6P); coniugated heterocyclic polymers such as polytbtophane, 'poly(3. 
substituted thiophene), poly(3,4-blsubstituted thiophene), polybenzathlqphene, 
polyisothianapthene, poly(A/-substituted pyrrole), polyfjS-sufestituted pyrrole), poly^ 
bisiubstltuted pyrrole). polyfuran. polypyrfdine, poly-1,3,4-oxa<iriazofes, 
25 polyisothianaphthene, paly(W-substituted aniline), poly{2-substituted aniline). ' jpofyO 
substituted aniline), poly(2,3-blsubstjtoted aniline), polyazulene. polypyrene: pyrazolone 
compounds; polyselenophene; pofybenzofuran; polyindoie; polypyridazine; benzidine 
compounds; stilbene compounds; triazines: carbazole polymere ; butadiene pftlyniers. 
Polymere and copolymers of the foregoing may be used. The HOMO level of these 
30 polymers and oopolymere can be conveniently chosen by the chemical structure 
(substitution, copolymer ratio) of such polymers and adjusted between 4.9 - 5,7 eV w 
A preferred polymeric material is polyarylamine, especially poiytn'aryJamlne, 
A preferred class of poiytrferylamine has repeat units of formula 1 ; • 
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wherein: 

Y 1 ^ represents, Independently ff in different repeat units. N, P, $, As andA>r S e/ preferably 

Ar' .and Ar* am aromatic groups and Ar* Is present on V if Y 1 Is N, P, or As In ^ ^ „ 
. too | S an aromatic group;, wherein Ar 1 and Ar 2 are the same or different and Anient 
ndependentty If In different repeat unite, * multivalent (preferably bivalent? aromatic group 
(preferably mononuclear but optionally polynuclear) optionally substituted by at ieast one 

T^J^Ty C "° rarbykJwived »W» and/or at least one other optional 
substrtuent, and Ar 3 represents, independently ff in different repeat units, * mono or 
multivalent (preferably bivalent) aromatic group (preferably mononuclear but optionally 
polynuclear) optionally substituted by at least one optionally substituted C*. caVbyf- 
denved group and/or at jeast one other optional subsmuent 

The arrow extending from Ar 3 in Formula t is Intended to indicate that tfie gVoup 
;may be monovalent or multivalent. If the group is monovalent the arrow denotes a bond 
to a suitable terminal group such as hydrogen or another substltuent which is 'inert to 
coupling under the conditions of polymerisation (e.g. alkyl or aryl). ff the g ro?I p is 
mul&valent (e ; g. bivalent) the arrow denotes a bond to another repeat unit wtm the 
polymer chain is branched and/or cross-finked). : 

The polymer may have any chain terminating groups, for example, any leading 
groups used in a polymerisation process by which the polymer Is made, or end tapping 
q roups* 

WO 99/32537 Is a patent application of the applicants which describes pblymers 
which have repeat units of Formula 1 and methods for their production. In thai patent 
application, powers of this type are prepared by the addition of an end capping reagent 
to control the molecular weight of the final polymer and hence Its desirable properties as a 
charge transport material. Materials disclosed In that patent applfcatlon may be usefel as 
materials in Ihe present invention. Accordingly, the contents of that patent application s 
incorporated herein by reference. Therefore, optionally, at least one terminal group is 
attached In the polymer to the Ar\ Ar* and optionally Ar 3 groups located at the end ofW 
polymer chains, so as to cap the polymer chains and prevent farther polymer groinhh, and 
at least one terminal group Is derived from at least one end capping reagent used in -ihe 
polymerisation to form said polymeric material to control the molecular weight thereof, i 

WO 00/78843 is another patent application of the applicant which describes 
polymers which have repeat units of Formula. 1. in that patent application, the polymer Is 
prepared by Isolating a molecular weight fraction from a starting polymeric maferipi wMah 
has repeat unite of Formula ! The polymeric molecular weight fractions disclosed therein 
may also be useful as materials In the present Invention, Acepitiingly. the contents' of that 
patent application are Incorporated herein by reference. 

Examples of farther preferred poiytoarylamlne, which may be substituted by: at 
least one optionally substituted long chain, linear, branched or cyclic carbyMSert/ed fcrdip, 
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!.e. O a or longer, preferably an optionally substituted long chain bydrocaityl-denVed group 
most preferably slkyl or atkoxy, are given by formulae 1 A and 1 B: 





10 



15 



20 



25 



Formula tA 



30 



Formula 1B 



Examples of other suitable polymeric materials than polyaiylamines are !now 
described. 

Conjugated oligomeric and polymeric heterocyclic semiconductors may comprise a 
repeat unit of an optionally substituted 5 membered ring and terminal groups A> and A* 
as shown in Fonnula 2: 




n 



Formula 2 



Irt-whlch X may be Se. Te or preferably Q, s r or -N(R)- where R represents. H, Optionally 
substituted alkyj or optionally substituted aryf; R\ R 2 A 1 and A 2 may be Independently H, 
aJkyl. alkoxy, thloalkyl. acyl, aryl or substituted aiyl, a fluorine atom, a cyano group, a culro 
group or an optionally substituted secondary or tertiary alkylamine or a^tamlne 
-*J(R )(R ). where R 3 and R 4 .are each independently H, optionally substitute^ aikyl 
optionally substituted aryl, alkoxy or polyalkoxy groups. The alkyl and aryl groups may* be 
optionally fluoridated. The aikyl and aryl groups represented by R\ R 2 . R 8 , R 4 , A^ano" A 2 

of recurring units in the conjugated oligomer* of 
Formula 2 is represented by an integer n , where n Is preferably 2 to 14. Piiefejrjred 
oligomers have X = S. R 1 and R 2 = H and A 1 and A 2 = optionally substituted G,i, 2 aikyl 
groups, examples of especially preferred compounds being A 1 and A 2 = n-fuajyj $nd 
where n=4, alpha-omega-n-hexylquaterthienylene (alpha-omega 4T), n=5, aipha^maga- 
n-hexyipenfethlpnylene (aipha-omega -5T), n=6. afpba^mega-n- 
hexylhexatbienytene (alpha-omega-ST), n=7, alpha-omega-n- 
hexylheptathlenylene (aipha-omega-TT), n-8, alpha-omega-n^hexyfoctathienylene 
(arpha-omega-8T>. and n=9, alpha-omega-n-hexylnonathlenylene (alpha-omega-&T). • 



OQ56:135 ::2D-D&c>:02n05 : ;:15. ;| 
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Oligomers containing a conjugated linking group may be 



represented: by Formula 3: ! 



A 1 - 




10 



15 



20 



Formula 3- >' 

i 

i 

-NW- -N=N, km, -n,^ »*, T , and Ti ^ (nl)epende 

•MUM ajlgrt t su^muted The a W aIyf OTUp8 w ^ ££ 

t 

Polymers may have repeat units of the general Formula 4: 

» 




Formula 4 1 

h which X, R' and R> m define* as ab0 ve. The sub unite may be polymerised In suah a 
way as to g ,«e a regfo regular or a regio random polymer comprisfng ,* P eat Wt* as 
shown in Formulae 4 to 6: a umis 






Formu|a 4 



Formula 5 



Formula S 



Polymere may have repeat units of the general Formula 7: 

/VI 




Formula 1 
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in which X Is ps defined above arrd the btfdging group A is optionally fluorlnated C w alkyl 

for example .polyOAethylenedioxyJthtophene^S-dlyl and palyO^tri^yldfoxy) 
thiQphene-2.5-diy|. . " 

Polymers may have repeat units of general Formula 8: 




10 Formula S 



c 

I 

I 



in which X, R and R 2 are defined as above. Specific examples are where one of R 1 p!r R a 
Is an alKoxide of general formula CH^O-, and the other of Rl or R? Is H. pofy<0'- 
dodecyloxy-a,a , ,-a.a'' terthienyl) i.e, polyDQT 3 . 
1 fl Polymers may have .repeat units of general Formula 9: ! 

S 




Formula 9 



in which X is as defined above; ft 3 and R B may be independently H, alkyl, aryji or 
25 substituted aryj. The alkyl and aryl groups may be optionally fluonnated. 

Polymers may have repeat units of general Formula 10 In which R 5 and R B; ars,a& 
defined in Formula 9: • 




Formula 10 



Copolymers comprising repeat units as above described and also other repeat 
3S units comprising two or more of the repeat units coufd be used. 

The nonrpolymeric materiaf preferably is a small molecule. The nompo|yrne/ic 
material preferably comprises a conjugated aromatic molecule containing three to 1 twelve 
aromatic rings. Preferred molecules contain 5, 6 or 7 membered aromatic rtogs. especially 
5 or P membered aromatic rings. 



i 
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Each of the aromatic rings of the preferred non-polymeric material may optionally 
contain one or more fietero atoms selected from Se, Te f P, SI, B, As T N, O or S t ; preferably 
from N, O or S. The rings may be optionally substituted, e,g. with optionally Substituted 
alkyl, alkoxy, polyalkoxy, thioalkyl, acyJ, aryl or substituted aryl groups, a fluorihe atom, a 
5 cyano group, a nitro group or an optionally substituted secondary or tertiary afk^anijne or 
arylamine -NfR^R 4 ), where R 3 and R 4 each Independently Is H, optionally $Ub$tfWed 
alkyl, optionally substituted aryl, alkoxy or polyelkoxy groups, The arlkyl and aryl gtoups 
may be optionally fluorinated. ' ■ 

The aromatic rings of the preferred nonrpolymerlc material may be optionaljy fused 
10 or may be linked with a conjugated linking group such as -CCr^CfTa)-, ^wCv-Nff?')-, - 
N=N_, (R')=N ri -N=C(R')-. T,and T 2 each independently represent H, CI, F, -Oiti pr lower 
alkyl groups particularly C M alkyl groups; R 1 represents H, optionally substitute^ alkyl or 
optionally substituted aryl. The alkyl and aryl groups may be optionally fluorinated. i 

Preferred non-polymeric materials may be small molecules selected from 
15 triery (amine, fluorene, butadiene derivatives, carbasole, stilbene and spirp, enapline, 1 
oxadiazole, oxaaole, pyrazolirte and triarylmethane compounds and derivatives. - Speplffc 
examples for small molecules include 2-(4-biphenyl)^<tert-bu1ylphenyO'1 1 2Ao^fdia2»le 
(PBO). PTCDAp 4,4'-di(N-carbazolo)diphenyl (CBP). Samples of classes qrf preferred 
non-polymeric material' are givsn below where the generic structure of a class Is'giveij) on 
20 the left end next to It on the right Is given a preferred example from that class, Tb6 \ 
substftuents R1-R4, are independently selected carbyl-derlved groups, preferably, 
hydrocarbyl-derlved groups, e.g. alkyl, alkoxy, poiyaikoxy, thtoalkyi, acyt, end aiyl;groups, 
all of which are optionally substituted, or other substltuents e.g. halo, hydroxy, &^An&J\ 
cyano or nitro, Preferably, RrR« are independently selected from allcyf, alkpxy on aryl; 
25 each of which may be optionally substituted The ability to change the substitution in the 
molecules makes it easy to tune the HOMO level so that it aligns wall with, e.g., tft$ ! 
HOMO level of the EL layer. 
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General structure 



Example 






I. 




II. 









IV. 



est). 





A preferred composition comprises a polyarylamlne, more pref&abfy a 
po)ytrtaiylam|ne, end a non-polymeric conjugated aromatic molecule cantainingthtee to 
twelve aromatic rings. A preferred polytriarylamina is one which contains repeat unfte pf 
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Formula 1, 1A or 1B above. Preferably, the polytrfarylamine is substituted by ai Iea£t one 
optionally substituted Ions chain carbyl-cferived group, i.e. Cs or longer, preferably an 
optionally substituted long chain hydrocarbyl-derlved group, most preferably alkyl or 
alkoxy, The value of n may be from 3 to 20,000 but most preferably is from S to 100. The 
polymeric material of the invention Is preferably polydfsperse. Preferably the po)stalspersity 
Is fiwn 1.1 to 5. Mors preferably, the polydlspersity Is from 1.1 to 3. Preferred non- 
polymeric conjugated aromatic molecules for use with the pofytxiaryJamine are th^se of 
Formulas I-VI above. Other preferred examples of polymeric and non-pplymerip materials 
ana given in Table 1 below, together with data for the HOMO levels (l r p,) of the materials, 
Derivatives, Including substituted forms of the materials in Table 4 may toe ' iused. 
Preferably, the particular preferred compositions described above form a hole 'injection 
layer and/or a hole transport layer. 

Table 1 



Hole transport small 
molecules: 


HOWO {I.p.J 


Reference for examples 

• 

• 

» 
i 

i 

mi ■ i * 


* 

V (see above) (BD) 


6.1 2 eV 


T. Kitamura and Y. Chigonq, j&91 ! 
Pnoo. of SP5E f p27S ! 


IV (see above) (TPTA) 


5.5 eV 


T-Kifcamura and ML Yokohama.ilSSO, 

• 

J.of Imaging Sd. 34 (5) pi-97 ! 


It (seeabovj*) (TBD) 


5.35 eV 


* M • • j 

1 

• 




5.7 ©V 


« ■ « | ft ■ t 

TKltamura and M. Yokohama, 1S9p, 
J.of Imaging ScL 34 (5) p1 97 

* 

• 

■ 

1 

i 


d 


5.36 eV 


T« Kitamura and Y, Ch!gono r ifei ; 
Ptog* of SPSE, p27B 

! 

• 

• 
• 
• 


OMo 


5.72 eV 


T. Kitamura and Y. Chigono, H991 ; 

Proa of SPSE, p270 \ 

« 
* 

• 

i 
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• 

• 





• 


4 • * ■ | 

• 

1 
I 

» 

• 

1 
• 


< i i y 

p-NPB 




1 

• 

I 
1 

t 

i 

• 






: h-^J 


Hole transport polymers: 




• 

- . ; 1 


PTAA (polytrfarylamine) 




WO 9S/32537 and WO 00/73843 1 


Polyfluorene variants 




Examples In U$ S t 309,7$3 fDow) . 


polyspiros 




Examples in US 6.476 P 2B5 (OqvJon) 

• 


Carbazoles, e.g. 
Polyvinylcarbazole (PVK) 


• 


■ 
• 
• 
• 
• 

i 

: — 1_> 



It can be seen thai the HOMOs of the examples of both the polymeria janrf non- 
polymeric: materials in Table 1 cover a significant range between about 4.8 and bbqut 5.7 
eV and thus either type of materia* can be used to match to the w.f, of the sanofie or 
5 HOMO of the EL layer or HOMO of another layer. Typically, the polymeric material isjused 
to match to the anode and the norvpolyrneric material is used to match tp th£ £L layer or 
ether intermediate layer. 

Advantageously, the composition of the present invention exhibits 'foiling 
properties: high carrier mobility, compatibility with binders, improved solubility, i high 
10 durability and/or high resistivity undoped. The composition Is highly effective foH 6se fn EL 
devices. It has superior film farming properties, particularly when n is greater thjan 7 and 
the polymeric material anchor non-polymeric material are substituted with one* of* more 
optionally substituted long chain carbyl-derived groups (preferably alkyl pf alkojey), i,e. C 6 
or longer, \ 

15 Advantageously, the composition may be easily and cheaply depostted oi|i the 

device since the composition is solution coatable, i.e. it may be readily deposited ;1rorn 
solution. Preferably, the composition is applied by a solution coating technique. 
Preferably, the composition te laid down In a film form. The composition may be:tald down 
in a film form^ which can be optionally patterned or structured, by a variety of coating or 

20 printing techniques Including, but not limited to, dip coating, roller coating, reverse roll 
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coating, bar coating, spin coating, gravure coating, lithographic coating (including 
Photolithographic processes), ink jet coating (including continuous and drop-on-demand 
and fired by piezo or thermal processes), screen coating, spray coating and web coating. 

_ Other layers in the device may be deposited by solution coating or by conventual vapour 

> deposition. 

In fabrication of a device according to the invention, other than a so-called "top- 
emission device" described separately below, when used as a ML or HTL the 1 layer 
comprising .the composition of the invention may be solution coaled onto the', anode or 
onto a separate H1L provided by known means on the anode, followed by deposition of 
subsequent layers, including the EL layer, by solution coating or by conventional Vapour 
deposition, ' H 1 

i 

«. . ^ rdlng to another as P ect °f «* mention, there is provided a method pf formins 
the electroruminescent device, which method comprises depositing from a solution the 
layer comprising the composite Optionally, the method further comprises deposition at 
least one other layer, e.g. tf» El layer, by vapour deposition or deposition frcm^oluifon 
As mentioned above, the composition of the present invention has. both excellent 
film forming ability and high mobility. The layer thickness may be from 10 nm to : 500 nm 

P ?^-T 20 i05 °° ^ ^*^««P** the composition is appiied 

at high, thickness, preferably greater than 40 nm. more preferably greater tiien 60 nrri, still 
more preferabjy greater than 100 nm. and most preferably greater than 20Q nm 
Inferably the thickness is up to 500 nm. more p ra fe rab ly up to 400 nm, still mote : 
preferably up to 300 nm, whilst still achieving high yield. Such thick layers have been 1 
found to provide numerous advantages, for example, enhanced device lifetime 
rep^ucibiiity, yield and luminescence. Without being bound by any theory. It "is believed 

tutT? !2 !fl? lmpr ° Ve ^ yfeW * makin 9 * he taw sensitive to 

substrate defects. For example, when the layer is used as a HIL. the thick lay^r yfetds 

particular improvement when the layer is coated directly onto an indium tin orfde YlTbi 

anode as it is believed that it helps to eliminate the roughness of ITO better than ' 

ZZZ h Tw 5UCh 35 PAni ° r PEDOT ' 11 has thick ia^rs 

formed by the composition of the invention improve device lifetime. Again, without be ng 

bound by any theory It is believed that this is aiso due to reducing the effect* or*irf*Z 

IT, r ^ *• tHfCk ' ayer may redUCe -«*Q effects and local spotsiat thf 
electrode thereby increasing the lifetime of the EL layer. The composition has been found 
to be particularly useful in this regard for blue emitting EL materials : 

10-cmW which T I" 5 " ^ (h ° te ° r efedron> mob " ity ^terlthan 

mob* of the . composition used in the present invention also enables the drive Voltage to 
be Kepi relabvely lew for high luminescent efficiencies. The high mobility of the 
compose of the Invention means that the potential drop across the toyer comprising the 
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composition can be very small. Conventional PAni or PEDOT injection layers, have taw 
conductiVily fc> a W id "crosstalk" between neighbouring pixels in display devices.: However, 
a thick layer of the composition of the invention can effectively perform this function flue to 
its unipolar nature. 

The composition of the invention advantageously also enables a high Quality 
ohmlc interface beiween the composition and the electrode, e.g. anode, such as an lTO 
anode. This in turn yields Improvements in device lifetime since non-ohmic contest is 
thought in part to be responsible for hot spots due to localised build up of electrlo field at 
the electrode resulting in break down of the adjacent injection layer. By reducing the 
potential drop In the immediate vicinity of the anode or cathode, the build-up of loeaVfields 
.s reduced and the contact becomes more reliable which in turn leads to Improved device 
lifetime. It has not previously been easy to find appropriate charge transport materials 
that allow for an ohmic contact It has previously been tried to employ dope* transport 
layers. However, this such doping is difficult to Implement in a real manufacturing process 
(a sequence of many layers is required) and attractive lifetime has not ' yet "Wen 
demonstrated. • 

1TO is a highly preferred anode material due to its transparency, high conductivity 
and availability on glass or polymer substrates. ITO has a workfunction between m 0 
ev. in a preferred embodiment, the composition is suitable for use as a hole injection or 
transport layer and has an HOMO energy level (lonfsation potential) close to this value 
preferably In the range 4,8-5.2 eV. One of the HOMO levels in the composition should 
have an ensmy within + A0.2eV of the w,f. of the anode. The pofymeric material of the 
compose is surfed for this purpose as there Is a wide range of such materials with 
different energy HOMO levels. One preferred polymeric material Is a polyaiylamine, e.g 
described by genera, formula 1. Thus, holes can be looted into the ^anicCr 
comprising the composition unhindered. The HOMO level of EL materials is dependent on 
thwr colour pie HOMO Is W ca.» nigner man the workfunction of fTO for example; often 
aa h,gh as 5.5 eV. This is especially the case for blue EL materials. The presem -invention 
enables a s.ngle MIL comprising the composition to match the EL material as well a"s the 

nf T ^?^ H0M ° ,eVB,S In ** °° m P° sitfo " shou * >™<e an energy wlthfn. + /-o.2eV 
1^? EL ^ 1,18 non ^ ,vme "* c material of the companion -is ideally 
suited for th,s purpose as there is a wide range of such materials with different HOMO 
levels. For epcample, tpd has a HOMO of 5.35 eV which may be used with an- EL'layer 

35 ab^Ie 9 3 HOM ° ' eVel * "* 6Vf0r eXampte ' ™* ^ TPD is shown by formula ll 

«, u™?^^' ^ H ° MP ,eVe ' ° f 3 P0,ymeria materia ' ™y te used ft* matehl to 
the HOMO of the EL layer. For example polyvinylcarbazole (PVK) has a HOMO bf , 

approximately 5,6 eV. well suited to the HOMO position of many blue EL layers A non- 
polymeric material of lower ionisation potential may be then used to match the 
40 workfunction of the anode. 
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Conventionally, as shown In Figure 1 (prior art), materials such as PAn| dr PEDOT 
are used for the role of the HIL, A separate HTL Is typically employed between the PAni or 
PEDOT layer and the EL layer. We have found thai the composition of the inverjtion can 
effectively perform both the injection faction of the PAni or PEDOT and the role of the 
5 separate HTL due to having one or more HOMO energy leveI(sJ/fcriisation potential 
aUgned with the anode work function as well as having one or more HOMO energy 
teveics^onisation potential suitably aligned with the HOMO level of the EL layer ! The 

^T Sltfo lf PP!1Cab,e in WCk e ' 9; from * so1ufion < a,s ° wfcn« surfece 
levelling abfTCy. Thus, in one advantageous embodiment, the invenBon provide i HIL 

> composing the composition. Le. without need for, e.g., PAni or PEDOT. In a ftfrtfier 

o^rTT ° dimeftt ^ imeman proviCles an EL * fa only one 

organic layer between the anode and the (organic) EL layer, as shown in Ftan 4 'This 

greatly s,mplrfies the device and pressing thereof. In addition, there I s no fcK 

tSS^ 'T ' 6fndSnCy ln m3ny ~" te »W-L ^ solves the prXiTthe 
prior art of needing mulfcipie cyanic layers (HIL, HTLs etc.) in Figure 4 Z^^T 

PEDOT, whilst still pnwMnfl ^LT^T ! ^ * C0m>rtsln 9 P * w 

In another embodiment, there mav b« * un ™^.» . . . 
hwntlon and. In addition, one TnZ ^iT' " 9 ^ «*»••«*> <? the 

(eras of its ioplsation oolMtotoTn , f7 ^ ! WM8 ' "*9*'*l»n*Wiy ojrtMsed in 

beino suh«sfc*nH*ih, , * QSV,CSS - This Is due to the compos tfon 

* taen touna that hole carrying compositions of We | nvent ,„. lh J_ . 

improvements in device efficiency. "^»» mus iswffiig to 

The composition of the invention has been found to be more chemical Lm» 
than conventional HIL material such a* *>a«j «r ocrwr « Pnemieally stable 

materials for example are acid do^H « D ° T C ° nvent}onaI PA "< PEDQT 

, f ^ <** a ™P«e are acid doped and possess counter-Ions which with time mLr^ 

into adjacent ayers and cause a riow!«™« - _i . ' n nme? ' ™W ate 

yen* an a cause a deterioration fn device performance. The composition of 
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the invention, however, does nat ijegd counter-Jons, thus eliminating the problem. Ttfls is 
especiafly advantageous for tripletjplevices. | 

The compositions of the Invention have a relatively high glass transition 
temperature {T 0 ), which leads to improved stability. 
5 The composition may be used In conjunction with a binder resin to further Improve 

film formation and/or adjust viscosity for improving solution coatablllty, The blhcJer .'may 
also be optionally crosslinked for improved stack Integrity of layers as described In fnore 
detail balow, A binder te preferred tor an EL device wherein all of the organic layers are 
solution coated, 

10 Preferred binders are electrical Insulators, Preferred binders Include, without 

limitation, ' at feast one of polyamide, polyuretbane, polysther, polyester, epoxy ijesin, 
polyketone, polycarbonate, polysulphone, vinyl polymer <for example pofyvfnyltaafone 
and/or polyvinylbutyral), polystyrene, polyacrylamide, copolymers thereof (jsucb as 
aromatic copolymeric polycarbonate polyesters) and/or compositions thereof. ; 
15 Those brnders disclosed In the patent application WO 99/32537 of the appljcant, 

particularly at pages 24 and 25 of that application as published, are useful for the present 
invention and that disclosure is incorporated herein by reference. In addition, those 
binders claimed in and described In the patent application WO 02/45184 of the applicant, 
particularly at pages 3. 4, 8-11 of that application as published, including those listed, in 
20 Tables 1 and 2 therein, are useful for the present invention and that disclosure te also 
incorporated herein by reference : > 

To improve stack integrity between the layer comprising the compoaflorl and 
adjacent layers, the layer comprising the composition optionally may be crossljrikei The 
crossKnking may be achieved by crosslinklng of the composition. e.g. by means of a 
25 crosslinkable functionality In the polymer, and/or by crosslinklng of the binder resin ^here 
present, for exam p la as disclosed in WO 02/451 84. , 

Advantageously, the composition of the Invention provides routes to novel device 
structures by enabling depositing of the transparent electrode on top of an OLEp stack for 
a top emission device* preferred in some active matrix display configurator's for 
30 increased luminance and resolution. It is very desirable for the deposiEen jf the 
transparent top elBtfrede to use fast processes such as sputtering. For example for 
depositing jTO. However, these processes are likely to damage the vulnerable ' feotive 
oiganle layers due to the high kinetic energy of the particles deposited. A thiols hole 
transport layer tor example, formed by the composition of the Invention, provides 
protection and thus allows for a robust and commercially viable manufacturing process 
(high yield) without affecting the device performance (efficiency, driving voltage! lifetime). 

As mentioned, the Invention may equally be used to provide improved electron 
Injection/transport layers (EIUETL). The EIUETL may contain non-potyrnerlc or polymeric 
material comprising Alq3, oxldiazcl, triazin, bathophenanthrolGne units. Further examples 
40 of suitable transport materials for use in the composition according to the intention are 
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given in Table 2 below. Also, suitable electron transport material? may comprise bs 
polymers comprising triazine, oxldiazole, phenyiene. vinytena, cyanoiphenylane | and 
cyano-vinylene units. In one embodiment, the LUMO level of one of the material? b'fwch 
that It matches dose to (preferably wfthin +/- 0.2 eV of) the cathode workftjndfon and the 
LUMO level of one of the other materials Is such that it matches close to (preferably Within 
+/- 0.2 eV of) the LUMO level of the EL layer. S 
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Table 2 



Electron transport small 
molecules: 



AIQ3 



Bathophenanthroline 



PBD 



CuPc 



PTCDA 



Electron transport 
polymers; 



Polymeric triazines 



Cyafio-PPVs 



Examples of EL materials with which the composition of the invention may be used ate 
given in Table 3 below. 



Table 3 



P.025 



10 



15 



20 



Luminescent materials: 



MEH-PPV 



AJkoxy PPV 



Polyfluorenes 



PPV=poiyphenyIenevinyiene 

Various terms used herein are now defined. The term 'carbyi-derived T ?s used 
herein denotes any monovalent or multivalent organic radical moiety which comprises at 
least one carbon atom either without any non-carbon atoms (e.g. -GsC-0, or Optimally 
combined wfth at ieast one other non-carbon atom (e.g. alkyl, carbonyl etc.). The non- 
carbon atom{s) may comprise any elements other than carbon (including .any chemically 
possible compositions or combinations thereof) that together with carbon can «>mpr!s£ an 
organic radical moiety. Preferably the non-carbon atom is selected from at least -one 
hydrogen and/or heteroatom, more preferably from at ieast one: hydrogen. pho&php>us, 
■halo, nitrogen, oxygen and/or sulphur, most preferably from at least one hydrogen, 
nitrogen, oxygen and/or sulphur. Carbyl-derived groups include all chemically possible 
combinations in the same group of a plurality (preferably two) cf the aforementioned 

* i 
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carbon and/or non-carbon atom containing moieties (e.g. alkoxy and carbonyl If directly 
attached to each other represent an alkoxycarbonyl radical). 

Throughout the description and claims of this specification, the words "comprise" 
and "contain" and variations of the words, for example "comprising" and "comprises", 
5 mean "including but not limited to", and are not Intended to (and do not) exclude 'other 
components. 

It will be appreciated that variations to the foregoing embodiments of the Invention 
can be made while still falling within the scope of the Invention. Each feature disclosed In 
this specification, unless stated otherwise, may be replaced by alternative features serving 
10 the same, equivalent or similar purpose. Thus, unless stated otherwise, each feature 
disclosed is one example only of a generic series of equivalent or similar features. ' 

All of the features disclosed in this specification may be combined in any 
combination, except combinations where at least some of such features and/or steps are 
mutually exclusive, in particular, the preferred features of the invention are applicable to 
all aspects of the Invention and may be used In any combination. Likewise, features 
descnbed In non-essential combinations may be used separately (not in combination}. 

It will be appreciated that many of the features described above, particularly 6f the 
preferred embodiments, am Inventive in fheir own right and pot just as part pf an 
embodiment of the present invention. Independent protection may be sought for ihese 
20 features , n addition to or alternative to any invention presently claimed. 

Example 

An example of a composition comprises a polytriarylamlne (PTAA) desteribed by 
general formula 1. A PTAA polymer of formula 1A Is used and a HOMO tevel of 5 l^V fe 
obtained. The PTAA polymer is mixed with TPD (a small molecule hole tctanspbrting 
material which has a HOMO of 5.35 eV) at 50/50% by weight in a solvent which' also 
contains a binder resin. The ^suiting solution is solution coated onto an ITO anode of 

work function 5.0 eV. An EL layer having a HOMO of 5.5. eV and subsequent layerfe) 
including the cathode are then deposited on top. The solution coated layer rWnains 
amorphous 9 nd has two HOMO layers, matching (Le. within +/- 0.2 eV) the! ITO 
workfunctlon and the HOMO of the EL layer respectively. Thus the EL device temtf has 
orty one HIL layer as shown in Figure 4. In contrast, currently this energy level matching 
is done by multilayer deposition of different HTL In addition to PAni or PEDOT Injection 
layers as shown for example in Figure 1. Additionally, the composition, by correct 
matching and ohmio contact with ITO, results In a long lifetime as it reduces the possibility 
of large fields across the interlace with the anode. ITO is a high conductivity layer end is 
therefore capable of producing local breakdown when such fields are present 
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Claims 

1 . An electroluminescent device having an anocte, a cathode anci on£ or mora 
organic layers between said anode and said cathode, at least onP of said 
organic layers comprising an organic electroluminescent material, wheflkin at 
least one of said organic layers- comprises a composition having at least two 
HOMO ero=*tey levels and/or at least two LUMO energy levels 

i 

2. Art efedrolumlnescent device as claimed in claim 1 wherein the enefoy bf the 
at least two HOMO energy levels and/or at least two LUMO energy lev^js are 
each within +/- 0.2 ,eV of an electronic energy level in an adjacent fajter, 

3. An electroluminescent device as claimed in claim 2 wherein the en&igy of at 
least one of the HOMO levels is within 0,2 of the work function bf the 
anode or the energy of at least one of the LUMO levels Is wittiin +A.CL2'eV of 
the work function of the cathode, 

* 

"4. An electroluminescent device as claimed in either claim 2 or 3 wfterelh the 
energy of at least one of the HOMO levels is within +/- 0.2 eV of the HOMO 
level of the EL layer or the energy of at least one of the LUiylO levels is Within 
*/- 0.2 eV of the LUMO level of the EL layer. 

5. An electroluminescent device as claimed In any one preceding claim wherein 
the energy difference between the at least two HOMO energy levels ind/or 
between the at least two LUMO energy levels is greater than 0. 1 eV. 

6. An electroluminescent device as claimed In claim 5 wherein the energy 
difference Is greater than 0.2 eV. 



7. 



An electroluminescent device as claimed in any one preceding clato wperein 
the composition comprises at least two charge transport material, the 
energies of the HOMOs of the materials and/or the energies of the LUlljtOs of 
the materials being different 



An electroluminescent device as claimed in claim 7 wherein Uie at least two 
charge transport materials comprise at least one polymeric material sind at 
least one non-polymeric material. 

■ 

An electroluminescent device as claimed In claim 7 or 8 wherein the a* least 
two charge transport materials are organic semiconductors. 
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10. An electroluminescent device as claimed In any one preceding claim Vuherein 
the materials are positive charge (hole) carrier materials, 

5 11. An electroluminescent device as claimed in claim 10 wherein the feysr 

comprising the composition is a hole injection layer <H1t) and/or a jhole 
transport layer ('HTL), [ 

« 
* 

12. An electroluminescent device as claimed in any one of claims 1 to 9 whferain 
10 the materials are negative charge (electron) carrier materials. 

» 

13. An electroluminescent device as claimed in claim 12 wherein the layer 
comprising the composition is an electron injection layer (EIL) and/or electron 
transport layer (ETL). 



15 
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14. An eieclfoluminescent device as claimed in any one preceding cl.alm wherein 
the device comprises only one organic layer such that the organic (layer 
comprising the composition of the invention is the same layer as the 'layer 
comprising the electroluminescent materia*. . 

15- An electroluminescent device as claimed In any one of claims 1 to 13 wHerein 
the device comprises two or more organic layers, the organic layer comprising 
thp composition of the Invention being different to the layer rarnprisfab tho 

s 

etectralumlnescenfmaterial. 



16. An electroluminescent device as claimed In any one preceding claim wftereln 
the polymeric material has a HOMO level matched close In energy to. 
preferably within */-0.2 t&V of. the w.f, of the anode and/or the non-polymeric 
material has a HOMO level matched close in energy to, preferably within *A0.2 

30 eV of, the HOMO level of the EL layer. 

17. An electroluminescent device as claimed in any one of claims, 1 to 16 wherein 
the non-polymeric material has a HOMO level matched close to. preferably 
wHhm +/-Q.2 eV of, the w.f. of the anode and/or the polymeric material Jhas a 

35 HOMO level matched close to, preferably within +A0.2 eV of, the HOM4 tewe ' 

of the EL layer. 

18. An electroluminescent device as claimed in any one preceding clalfri wherein 
the energies of at least one of th© HOMO levels of the composition lies ' In the 

40 range from about 4.9 to about 5.7 eV. 



i 
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19. Art electroluminescent device as claimed in any one preceding claim wherein 
the at least one polymeric material and the at least one non-polymeric material 
are mixed in a ratio from 10:90 to 90:10 % by weight 

s 

20. An electroluminescent device as claimed In any one preceding claim wherein 
the number of repeat units which may be present per molecule fn the polymeric 
material (W) is from 3 to 20,000. 

» 
» 

10 21. An electroluminescent device as claimed in any one preceding clairp wherein 

the polymeric material is polydlsperse. 

22. An electroluminescent device as claimed in any one preceding claim wherein 
the polymeric material and/or the non-polymeric material is substituted By at 

15 least one optionally substituted long chain, linear, branched Pr cyclic cafrbyl- 

derived group which is Co or longer. 

23. An electroluminescent device ss claimed in claim 22 wherein the glroup 
comprises optionally substituted alky! or alkoxy. ! 

20 

24. An electroluminescent device as claimed in any one preceding claim Wherein 
the at least one polymeric material is selected from compounds and derivatives 
of compounds of the following list : conjugated organic (including hydrocarbon) 
polymers selected from poiyarylamine, polytriarylamlne^ polyabene, 

25 - polyphenytene, po!y(phenylene vinylene), polyfluorene including -oligomers of 

those conjugated hydrocarbon polymers; oligomerfc para substituted 
phenylenes Including p-quaterphenyi (P*4F), p~qufnquepheny[ (p*5P}, p- 
sexiphenyl (p-6P); conjugated heterocyclic polymers including polythjopWene, 
poly(3-substituted thiophene), pofy(3,4-bisubstituted thiophene), 

30 polybenzothlophene, polylsothianapthene, poly<M-substituted pyrrole), paiy(3~ 

substituted pyrrole), po1y(3 t 4-brsubstltuted pyrrole), polyfuran, pol^pynillne, 
poly-l^/Jnoradiezofes, polyisottiianaphthene, pofy(W-eubstituted aniline), 
poly(2-substltuted aniline), poly(3«substftuted aniline), poly(2,3^isubstltuted 
aniline), polyazulane, polypyrene; pyrazoline compounds; polyselerlophene; 

35 polybenzofuran; polyindole; polypyridazine; benzidine compounds; stifb^ne 

compounds; tria2lnes; carbazole polymers ; butadiene polymers. 

25. An electroluminescent device as claimed in claim 24 wherein the polyrfteric 
material is a polyarylamtne, preferably a polytriarylamine. 

40 
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26. An electroluminescent device as claimed In claim 25 wherein 1 the 
polytriarylamine has repeat unite of formula 1 : 



Formula 1 ; 



Ar a 

L I J 



10 



15 



20 



wherein: 

V represents, independently rf in different repeat units, N, P, S, As and/or $e, preferably 
N ; 

Ar 1 and Ar 2 ere aromatic groups and Ar 3 Is present only If Y 1 Is N, P, or As in wfrich case it 
too Is an aromatic group; wherein Ar 1 and Ar 2 are the same or different and represent, 
independently If In different repeat units, a multivalent (preferably bivalent) aromatic group 
(preferably mononuclear but optionally polynuolear) optionally substituted by at leait one 
optionally substituted C iM carbyWerlved groups and/or at least one other optional 
substituent; and Ar 3 represents, independently if In different repeat imhs r a mono or 
multivalent (preferably bivalent) aromatic group (preferably mononuclear but optionally 
polynuclear} optionally substituted by at least one optionally substituted C )HB ckrbyl* 
derived group and/or at least one other optional substituent. 



27. 



An electroluminescent device as claimed In claim 26 wherein the 
polytriarylamine has a formula 1 A or 1B: 



! 

P 

I 
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Formula 1A 



Formula 1B 



10 



15 



20 



28. 



29.- 



30. 



31, 



An electroluminescent device as claimed In any one of claims 1 to 23 wherein 
the polymeric material Is an electron transporting material selected . from 
polymers comprising triaaSne, oxldlazole, phenylene, vinylen©, cyano* 
phenylene and cyano-vlnylene units* \ 



An electroluminescent device as claimed in any one preceding ejalm wriereln 
the non-polymeric material comprises a conjugated aromatic molecule 
containing three to twelve aromatic rings. 

An elecfrolummescent device as claimed In any one preceding claim wherein 
the non-polymeric materia) Is selected from triarytamine, fluorene, butadiene, 
carbazole, stflben& and spina compounds and derivatives. : 

■ 

An electroluminescent device as claimed In any one preceding claim wherein 
the non-polymerio materiel la selected from compounds of forrnufa; l-VI, 
wherein substituents R1-R4 are Independently selected carbyfc-derived gj^ups, 
including hydrocar&yWerived gmups, Including afkyl, alkoxy, alkyleniaoxy, 
thloalkyl, acyl, and aiyl groups* all of which are optionally substituted, or [other 
substituents including ha!o T hydroxy, amino, cyano or nltro. 



1 




5 



32. 



An electroluminescent device as claimed in any one of claims 1 to 28 wherein 
the non-polymeric material Is en electron transporting material selected from 
A1Q3, bathophenanthroline, PBD. CuPc copper phthalocyanins), PTCDA. 



" E0-DEC-200E 17:09 FROMiftUECIR LTD _ 01G17S15B01 TO : +01632. B 14444 P. 033 

• 





SMC 60569 

28 



33. An electroluminescent device as claimed fn any one preceding efalm whemin 
the composition rs solution coated. 



10 



34. An electroluminescent device as claimed in any one preceding claim wherein 
the composition is applied by a coating technique selected from, dip costing, 
roller coating, reverse roll coating, bar coating, spin coating, gravure costing, 
fifhographfc coating (including photolithographic processes), ink jet costing' 
(Including continuous and drop-on-demand, and fired by piezo or thermal 
processes), screen coating, spray coating and web coating. 

35. An electroluminescent device as claimed in any one preceding claim wherein 
the layer comprising the composition has a thickness from 10 nm to 500 nm. 

36. An electroluminescent device as claimed fn claim 35 wherein the l£yer 
1 5 comprising the composition has a thickness from 40 nm to 500 nm 

37. An electroluminescent device as claimed in claim 36 wherein ffie M»yer 
comprising the composition has a thickness from 60 nm to 500 nm. 

20 38. An electroluminescent device as claimed in claim 37 wherein the liver 

comprising the composition has a thickness from 1 00 nm to 500 nm. 

39. An electroluminescent device as claimed In claim 38 wherein the layer 
comprising the composition has a thickness from 200 nm to 500 nm. 



25 

40. An electroluminescent device as claimed fn any one of claims 35 to &9 wheifein 
the thfckness Is up to 400 nm. 

41 . An electroluminescent device as claimed in any one of claims 35 to 40 whefefn 
30 the thicfkness Is up to 300 nm. 

i 

42. An electroluminescent device as claimed In any one preceding claim toherbln 
the composition has a carrier (hole or electron) mobility greater than 10"^ om-V 



35 



V. 



43, An electroluminescent device as claimed In any one preceding claim wherein 
the composition forms an ohrnrc Interface between the composition and the 
electrode (anode or cathode). 
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44- An electroluminescent device as claimed in any one preceding claim wHerefn 
the composition has a HOMO energy level in the range 4.8-5,? «V. 

45* An etecfroluminesoent device as claimed in any one preceding claim wttereln 
5 the layer comprising the composition is in direct contact with either the anode 

or cathode. 

46. An electroluminescent device as claimed In any one preceding claim wWerein 
the layer comprising the composition fs the only layer present between the 

10 anode or cathode and the layer comprising the electroluminescent material. 

47. An electroluminescent device as claimed in any one of the preceding claims 
wherein the composition is mixed in a binder resin, 

15 48, An electroluminescent device as claimed in claim 47 wherein the binder jresln 

te selected from the group; polyamlde, polyunefhane, polyether, polyester, 
epoxy resin, polyketone, polycarbonate, polysulphone, vinyl polymer, 
* polystyrene, polyacrylamide, copolymers thereof and/or mixtures thereof. ■ 

» 

20 49. An electroluminescent device as claimed in any one of the preceding claims 

wherein the layer comprising the composition Is crosslinked. 

50. An electroluminescent device as claimed In claim 49 wfienein the layer is 
crosslinked by crosslinking of the polymeric material of the composition and/or 

25 by crosslinklng of the binder resin. 

• 

51. An electroluminescent device as claimed In any one of the prec^djrtg claims 
which is a top emission device wherein the transparent electrode Is deposited 
after the layer comprising the composition. 

30 

52. A method of forming an electroluminescent device as claimed in any one of the 
preceding claims comprising depositing from a solution the layer comprising 
the composition, 

35 53. A method of forming an electroluminescent device as claimed in dalrti 52 

further comprising depositing at least one other layer by vapour deposition. 



54 



An electroluminescent device substantially as herein described. 
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55. A method of foimfng an efectrolumfnescent device substantially as ! herein 
described. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



a FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 

* 

As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





